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Summary Four cases of operated odontoid process fractures associated with a fracture of the
posterior arch of the atlas are presented. Three types of surgery were performed: atlas—axis
fusion, occipitocervical fusion, and odontoid process screw ﬁxation. Based on a literature reviewAtlas;
Odontoid;
Cervical spine surgery
and our experience, the therapeutic management is discussed according to the type of odontoid
fracture and the presence of neurological involvement, with a reminder that wiring is not
indicated when C1 posterior arch continuity is compromised.
© 2009 Elsevier Masson SAS. All rights reserved.
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dntroduction
ssociated atlas and axis fractures account for nearly
% of cervical spine lesions and 12% of upper cervical
pine fractures [1]. Frequently associated with neurologi-
al impairment, sometimes fatal, this association is reputed
o be the source of diagnostic and above all therapeu-
ic problems. In particular, although orthopaedic treatment
as long been recommended, today it seems that surgi-
al treatment is often proposed, with no consensus clearly
stablished concerning the technique to use. We have con-
ucted a retrospective study on a series of four patients
resenting C1-C2 fractures that were treated surgically:
ith this experience and a review of the literature, this
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oi:10.1016/j.otsr.2008.11.004tudy aimed to underscore the management issues concern-
ng these lesions, notably relating to the type of surgery that
hould be proposed to the patient.
bservations
ase No. 1
atient No. 1, 83 years old, was found in cardiorespira-
ory arrest requiring resuscitation after falling out of bed
Table 1) (Fig. 1). After sedation had subsided, the exam
evealed incomplete tetraparesis predominating in both
pper limbs. X-ray and cervical CT demonstrated a type
I odontoid fracture according to Anderson and D’Alonzo
2], backward sloping according to Roy-Camille et al. [3],
ith posterior displacement associated with a fracture of
oth C1 arches. A cranial halo device was put in place
served.
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Table 1 Summary of the four observations.
Case No. Age
(years)
Circumstances
of the accident
Type of lesion Intervention Follow-up
(months)
Consolidation
1 83 Fall from bed Type II odontoid
fracture, backward
sloping fracture of two
C1 arcs
Occipitocervical
arthrodesis
Death at
4months
2 20 Trafﬁc accident Type II odontoid
fracture, forward sloping
posterior fracture of C1
arc
C1-C2 posterior
transarticular
screws
18 Yes
3 68 Fall from bicycle Type II odontoid
fracture, backward
sloping fracture of
posterior C1 arc
Odontoid
anterior screws
18 Yes
4 87 Fall from bicycle Type II horizontal
odontoid fracture,
posterior displacement
r arc
C1-C2 posterior
transarticular
screws
Death at
2months
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C1
with bed traction to reduce posterior displacement. The
patient remained intubated with no neurological improve-
ment and rapidly presented decubitus complications. To
simplify nursing care, the patient underwent occipitocer-
vical arthrodesis surgery using Roy-Camille plates followed
by immobilization with a neck collar. The patient showed
no neurological improvement and died 4months after the
surgery.
Case No. 2Patient No. 2, 20 years old, presented cervical spine injury
with no neurological impairment resulting from a traf-
ﬁc accident (Fig. 2). X-rays showed a type II forward
sloping odontoid fracture with anterior displacement asso-
ciated with a fracture of the posterior C1 arch. Surgery
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Figure 1 A. C1 and type II odontoid fracture, reduction with a halo
arch). C. Occipitocervical arthrodesis.h of
as performed on the ninth day after injury with C1-C2
rthrodesis with posterior transarticular screws followed
y immobilization with a cervical collar for 6weeks.
ostoperative monitoring remained simple. At the last
ollow-up visit, the fracture was consolidated but showed
onunion: a broken screw ﬂush with the C1-C2 joint,
reserving cervical rotational function with no pain or
equelae.
ase No. 3atient No. 3, a 68-year-old female, suffered a bicy-
le accident resulting in several fractures: fracture of
he 11th left rib with pulmonary contusion, fracture of
he seventh thoracic vertebra, fracture of the poste-
ior C1 arch with no displacement, and type II backward
device. B. CT scan: Jefferson fracture (posterior and anterior
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aigure 2 A. CT scan: atlas posterior arch fracture and odonto
. Posterior C1-C2 transarticular screw ﬁxation.
loping fracture of the odontoid with no displacement or
eurological impairment (Fig. 3). She was operated on
rst for fracture of the dorsal spine, and orthopaedic
reatment with a cervical collar was provided for the
ervical spine fracture. On the x-rays taken 4weeks
ost-injury, there was clear posterior displacement of
he odontoid, reduced in ﬂexion. Surgical treatment
ith anterior screw ﬁxation of the odontoid followed
y immobilization with a cervical collar for 3months
as decided. Postoperative follow-up was simple with
onsolidation achieved with no secondary displacement at
months and satisfactory spinal function with no pain at
.5 years.
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igure 3 A. Type II odontoid fracture and C1 posterior arch fracture
isplacement. C. Anterior surgical approach fracture stabilization w
nteroposterior view at 1 year.cture. B. Type II odontoid fracture with anterior displacement.
ase No. 4
atient No. 4, 87 years of age, presented cranial injury with
ncomplete tetraplegia predominating in the upper limbs
aused by a bicycle accident (Fig. 4). X-rays showed a type II
orizontal odontoid fracture [3] with posterior displacement
f the posterior arch of C1. A cranial halo traction device
as placed, which reduced the displacement, but recovery
f neurological function was incomplete, with persistence
f brachial diplegia. The patient was intubated for respira-
ory insufﬁciency secondary to retropharyngeal hematoma,
hen underwent surgery on the fourth day: C1-C2 arthrode-
is with posterior transarticular screw ﬁxation followed by
, no displacement. B. Loss of fracture alignment with posterior
ith a screw: lateral view at 1 year. D. Anterior screw ﬁxation:
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•Figure 4 A. C1 posterior arch and type II odontoid fractures w
ﬁxation.
immobilization with a cervical collar. An anterior screw ﬁx-
ation, undoubtedly better adapted, could not be achieved
because of the patient’s anatomy: a short neck and a promi-
nent thorax. There was clear neurological improvement, but
left upper limb monoplegia persisted with deglutition prob-
lems and repeated pulmonary aspiration. the patient died
suddenly 2months after surgery probably from asphyxia due
to pulmonary aspiration.
Discussion
The association of atlas and axis fractures accounts for 3%
of acute cervical spine lesions and 12% of upper cervical
spine lesions [1], 43% of atlas fractures and 16% of axis
fractures [4]. They most often involve older subjects with
commonplace injuries and are more frequently associated
with neurological impairment with possible fatal progression
than with isolated C1 or C2 fractures: 80 to 85% mortality at
1.5months for Fowler et al. [5] and Hanssen and Cabanela
[6]. According to Dickman et al. [7], the most frequent
lesion association is an atlas fracture combined with type II
odontoid fracture because the mechanism usually involved is
spinal hyperextension. This was the case for three of our four
patients, one having fractured both atlas arches. Despite its
frequency, this lesion association has not been extensively
reported, which explains the absence of clear treatment
consensus. It has been accepted that atlas fracture treat-
ment should be foremost orthopaedic (cervical collar, halo
cast, halo vest [5,8]). Thus, for the majority of authors
[4,7,9—12], the odontoid fracture orients the therapeutic
strategy.
Orthopaedic treatment is indicated in cases of fracture at
the base that has not displaced and is stable [13]. Different
treatment modalities have been discussed: rigid immobiliza-
tion using a cervical collar with occipitofrontal, sternal, and
chin support, or traction followed by immobilization using
a rigid orthesis that keeps the head in traction such as a
•osterior displacement. B. Posterior C1-C2 transarticular screw
alo-type cast [4,7,9—12]. Cranial traction can also be used
emporarily in an emergency situation with an odontoid pro-
ess fracture presenting substantial displacement to align
he spinal column and decompress the spinal cord while
aiting for surgical treatment.
However, it is now accepted that with a type II Anderson
nd D’Alonzo [2] fracture of the base of the odontoid, where
he risk of nonunion is particularly high, surgical treatment
s often indicated, notably with displaced unstable fractures
ecause of the risk of nonunion, or in a patient with neuro-
ogical complications [14]. Yet, the possibility of a solution
etaining the continuity of the posterior C1 arch contraindi-
ates wiring the posterior C1 and C2 arches.
To prevent this pitfall, several techniques can be used,
ased on the evaluation of the risk of displacement using
he Roy-Camille classiﬁcation [3]:
with backward sloping or horizontal fractures, anterior
screw ﬁxation of the odontoid can be indicated (case
No. 2) [4,11]. For Apostolides et al. [15] and Agrillo and
Mastronardi [16], anterior screw ﬁxation of the odontoid
fracture can be secured by anterior atlantoaxial arthrode-
sis using bilateral transarticular screw ﬁxation: this is a
triple anterior screw ﬁxation. The low number of cases
and the technical difﬁculties of this technique are under-
scored by the authors, however;
in case of a forward sloping fracture, anterior screw ﬁx-
ation is not indicated. Posterior surgery is preferable but
without wiring. Posterior transarticular C1-C2 screw ﬁx-
ation (cases No. 3 and 4) can be used [11]. In a young
patient, the contribution of a graft is debatable, because
once consolidation is achieved, removal of the screws
restores a certain atlantoaxial mobility;
ﬁnally, a rescue solution can be used: occipitocervical
ﬁxation. This technique has been proposed by several
authors [4,9]. It seems to be reserved for patients present-
ing a rupture of the C1 ring with great C1-C2 instability (C1
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separation fracture with transverse ligament rupture and
occipitocervical or C1-C2 dislocation) or when there are
major neurological complications (case No. 1). This inter-
vention allows the patient to be mobilized and facilitates
emergency care.
In our series, we were able to systematically avoid wiring
y using techniques governed by the C2 fracture line and
ts displacement as well as the patient’s condition. Only
wo patients survived, with the two others probably dying
irectly from the neurological problems resulting from the
ccident. In these patients presenting serious neurologi-
al complications, or because of the needs of nursing and
mergency care, we believe that a solid occipitocervical
xation should be rapidly indicated, with or without graft-
ng, which has the advantage of obviating the need for
xternal immobilization. Otherwise, orthopaedic treatment
hould be indicated for a stable C2 fracture that has not
isplaced and has not shown neurological problems. If the
racture has displaced, the orientation of the C2 fracture
ine, as described by Roy-Camille [3], will orient the choice
f anterior or posterior surgery, with or without a halo device
eforehand. Knowledge of the practice of the different
ypes of C1-C2 and C2 screw ﬁxations is indispensable.
onclusion
ssociated atlas—axis fractures are frequent (12% of upper
ervical spine fractures), particularly in the elderly subject.
he incidence of neurological problems is higher in these
ssociated fractures than in isolated fractures. The asso-
iation of C1 posterior arch and type II odontoid fracture
eems to be the most frequent. In the majority of cases, the
dontoid process fracture of the axis determines the man-
gement strategy. As for isolated atlas and axis fractures,
he association of C1 and C2 fractures can be success-
ully treated with external immobilization alone provided
hat the odontoid fracture is stable and has displaced only
lightly. If surgery is indicated, the solution for atlas ring
ontinuity contraindicates wiring and therefore the surgeon
an choose among three solutions: C1-C2 arthrodesis with
ransarticular screw ﬁxation, anterior screw ﬁxation of C2
r occipitocervical ﬁxation.
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